Introduction: This study aimed to prevent unnecessary exposure to ionising radiation, and to exclude nonfracture cases in children admitted to the emergency department with a forearm trauma, by showing that forearm trauma could be assessed with ultrasonography (USG) as accurately and precisely as with direct radiography. Methods: A total of 105 patients (67 males and 38 females) were included in the study. Before performing radiography, the patients were assessed with USG and the results were recorded. The findings of USG and radiography were then compared. Results: A total of 58 (55%) patients had fractures detected with USG. When compared to X-ray, the sensitivity of USG in detecting forearm fractures was 98.3% (95% confidence interval [CI]: 90.7-100%), specificity was 95.8% (95% CI: 86.0-98.9%), negative likelihood ratio was 0.018, positive likelihood ratio was 23.58, negative predictive value was 97.9% (95% CI: 88.7-99.9%), and positive predictive value was 96.6% (95% CI: 88.1-99.6%). Conclusion: The use of USG on selected cases of paediatric patients may provide a more rapid evaluation so as to reduce exposure to ionising radiation. We believe that USG will be useful in excluding non-fracture cases. 
Introduction
Forearm fractures account for about 40 percent of all fractures seen in children. Because the proximal part of the forearm is well protected by muscular structure, fractures localised in the distal forearm are the most common type. Seventy-five per cent of these fractures occur in regions of the distal metaphysis and physis. 1 Diagnosis is easily made by forearm deformity viewing and with X-ray images. Although the negative effects of ionising radiation on health are not expressed in early childhood, this type of radiation is thought to be associated with an increased potential for malignancy and a decrease in cognitive functions over the long term.
1,2 Children exposed to ionising radiation have two to ten times the level of risk compared to adults; the use of radiological diagnostic methods thus increases the danger for this age group. 3 Assessing the region of fracture is difficult in young children unless the signs of fracture are obvious, as with deformity or open fractures. Ultrasonography (USG) is a diagnostic tool that is non-invasive, requires minimal contact, and uses no ionising radiation. 4 Several studies have shown that fractures can be detected clearly and precisely with USG. 5, 6 In this study, our aim was to investigate the effectiveness and reliability of USG as a means of determining and/or excluding paediatric forearm fractures, and to compare USG results with X-ray evaluation results in order to diminish the need for exposure to ionising radiation.
Methods
This prospective study was performed in the Emergency Department of the Ankara Training and Research Hospitals between 1 September 2010 and 21 October 2011. During this period, 105 children between the ages of 1-15 were admitted to the emergency department with forearm trauma. Approval was obtained from the local ethics committee. Before the study, all participating doctors were given basic training in USG and X-ray evaluation of forearm fractures.
USG examination was performed on the long bones, through the proximal, middle, and distal regions. Physical examination findings (maximal tenderness, local oedema, etc.) were also considered. Examination was initiated from the bone part closest to the skin on both bones, and was carried out through both volar and dorsal faces, and longitudinally both on the radial and ulnar plans. Lesions were sought following the bone line. Areas with suspected lesions were rechecked on the transverse plan.
Fracture findings were considered as the view of a step or interruption of the cortex; a subperiosteal haematoma around the fracture; an acoustic shadow, called "comet tail artefact," when the bone cortex was minimally disrupted; or "plastic deformation," or a long-bone bending along a longitudinal line, without cortical damage (Figure 1 ).
Consents were obtained from parents or guardian of the children. The demographic data of the patients were recorded, and a comprehensive physical examination was performed on each patient. Symptoms of obvious broken bone evidence, such as open fractures, crepitus, deformity, and trauma involving joints, were considered as exclusion criteria. After the physical examination, the children's forearms were evaluated with a Mindray DC-3 model USG device and a 7L4A model superficial probe. USG ratings were recorded in the patients' forms. The direct and lateral radiographs of forearms were taken with a Shimadzu GSC20025 model digital X-ray device. Radiographs were evaluated by doctors who were blinded to the outcome of USG. All patients underwent orthopaedic consultation. The radiographic interpretation of each patient was recorded and accepted as an accurate diagnosis. All patients were followed up with after two weeks; they were recurrently checked for oedema, pain, tenderness and splints were removed with no complications.
The study was conducted in accordance with the latest version of the Declaration of Helsinki and the Good Clinical Practice Guidelines.
Analyses were performed using the SPSS 18.0 package program. Descriptive statistics such as frequency, percentage, mean, standard deviation, and minimum and maximum values were used in the study. The performance of measurements of the ultrasound device was evaluated according to the gold standard diagnostic X-ray test by calculating the sensitivity, specificity, false-positive rate, false negative rate, positive and negative predictive values, and confidence intervals of these values.
Results
The participants included 67 males (64%) and 38 females (36%). The mean age of boys was 9.8±3.9 years, and the mean age of girls was 9.1±3.2 years. In total, 57 (54%) of the symptoms were on the left arm, and 48 (46%) on the right arm. The causes of trauma were falling flat on the floor in 89 (85%) of the patients, falling down from a high point in 15 (14%) of the patients; one (1%) patient had blunt object injury. The most common symptom, in 98 (93%) patients, was localised pain (Table 1 ).
In total, 58 (55%) patients with fracture were detected with USG, and 57 (54%) patients with fracture were detected with X-ray (Figure 2 ). X-ray determination showed that 50 (47.6%) of the cases were distal radial fractures. The most common fracture type was detected as a torus fracture of radius, with 36 (34%) cases (Table  2 ). In the study, two (1.9%) patients had a fracture detected with USG, but were diagnosed as normal based on X-ray determination (Figure 3 ). One patient, determined as normal in the USG examination, was diagnosed with a fracture in the X-ray; this was a greenstick fracture of the ulnar shaft (Figure 4 ).
According to X-ray determination, the sensitivity of USG in detecting forearm fractures was 98.3% (95% confidence interval [CI]: 90.7-99.7%), specificity was 95.8% (95% CI: 86.0-98.9%), negative likelihood ratio was 0.018 (95% CI: 0.003-0.128), positive likelihood ratio was 23.6 (95% CI: 6.1-91.6), negative predictive value was 97.9% (95% CI: 88.7-99.9%), and positive predictive value was 96.6% (95% CI: 88.1-99.6%). The accuracy was 97.1%. 
Discussion
Several studies have reported that forearm fractures peak between the ages of 12-14 in males and 10-12 in females. 7, 8 While the mean age of the patients in this study was slightly lower than previously reported in the literature, some studies have reported lower ages than the overall average. 9, 10 Upper extremity fractures have been observed more frequently among boys than among girls; 11 this rate was similar to what we found in our study.
Forearm fractures are most common on the left arm. 12, 13 In our study, 54.3% of patients presenting with forearm injury presented with left arm injury, and 45.7% presented with right arm injury; thus, our study results were compatible with those found in the literature.
The most common trauma mechanism of childhood forearm fractures is falling. 7 In our study, 84.7% of trauma occurred due to falling flat on the floor. In trauma patients, no proven correlation has been shown between forearm fracture and the presence of symptoms and signs, except for obvious deformity; very few studies exist in the literature on this subject.
Overall, 75 per cent of forearm fractures are seen in the distal metaphysic and physiological regions. Radial fractures are more common than ulnar fractures. 1 All of the fractures that were identified in our study were middle and distal forearm fractures. The most common fractures were radius fractures, accounting for 80.7%. Fractures of the ulna accounted for 14%, and the rate of fractures with both of the bones was 5.3%. These rates were consistent with those reported in the literature. In their study, Chen et al reported that 60.4% of patients had isolated radial fractures (35.5% of them with binary bone fracture), and 4.1% of patients with isolated ulnar fractures.
14 Although the frequency of isolated radial fractures in our study is similar to that reported in the literature, it is greater than the frequency that Chen et al found in their study. This is possibly because of the majority of trauma cases in our study.
The most common type of distal radial/ulnar fractures is the torus fracture. In our study, the rate of torus fractures was identified as 63.2% (n=57) among all forearm fractures found. The torus fracture rate was greater than that reported in the literature.
Several studies have reported different results about the availability of ultrasound in the diagnosis of bone fractures. [15] [16] [17] [18] [19] [20] These studies commonly recommended that, in adults, the use of ultrasound should be limited to a few special cases, and they recommend that the procedure should be implemented by experts. Applying USG in children might provide better results because of the unique characteristics of children's developing skeletons. Weinberg et al reported 73% sensitivity and 92% specificity in determining long bone fractures with the aid of USG. 18 Hübner et al reported sensitivity for determining forearm fractures by USG in children as 98.3% and specificity as 63.9%; they reported the false-negative rate to be 4%. 2 In their study, Chen et al identified sensitivity as 97%, and specificity as 100%. 14 Barata et al, in a retrospective study including 48 long bone fracture images, reported sensitivity for USG as 100%, and specificity as 84%. Again, they reported 100% sensitivity and specificity, which was sufficient to determine the need for reduction. 19 In their study, Moritz et al compared USG, X-ray, and CT in the diagnosis of fracture, with CT scans serving as the gold standard. 20 A total of 162 patients (65.3%) out of 248 were identified with fractures with the CT scans. Among the patients with fractures, 130 (80.2%) patients were reported with fractures using USG, and 148 (91.3%) using X-ray. 20 Williamson et al reported 100% sensitivity for ultrasound in determining forearm fractures; their study was performed by radiologists. 16 We reported the sensitivity of USG to be 98.3%, specificity 95.8%, false-negative rate 1.8%, and falsepositive rate 4.2%. The two false-positive patients were treated conservatively with splint immobilisation. These patients (as were all others) were followed up with after two weeks, and recurrently checked for oedema, pain, and tenderness; their splints were removed with no complications. In our study, the one false-negative patient was misdiagnosed with USG. This was an ulnar shaft greenstick injury. Diagnosing distal forearm fractures with ultrasound evaluation is easier, due to the structure of the region. Diagnostic difficulties could arise, however, due to the anatomic position of the radius and ulna, and the straighter muscle structure toward the proximal region of the forearm. The cause of misdiagnosis, in our opinion, lay in the difficulty of visualising the region because we used the probe on the volar and dorsal sides and along the radial and ulnar plan. Viewing the medial face of the forearm longitudinally might be difficult (Figure 4 ).
Limitation
Although we know that CT scans provide more reliable results in detecting fractures, for various reasons we did not use CT scans as a gold standard in our study, or as a control group. Considering the high dose of radiation exposure during CT scanning, it would have been extremely unethical to have patients undergoing CT as a control group. In order to minimise radiation and patient comfort, we used X-rays for diagnosing and for following up with the clinical symptoms.
Conclusion
Detecting fractures is not easy in paediatric patients. In the present study, we demonstrate that ultrasound has a high sensitivity and specificity to determine fractures in children. We believe that ultrasound is useful for the diagnosis of uncomplicated forearm fractures. Thus, in selected cases of paediatric patients, unnecessary exposure to ionising radiation can be avoided, and a more rapid assessment can be made.
